The antibacterial activity of both aqueous and ethanolic extracts of Solanum indicum ssp. distichum (Schumach. and Thonning, 1872) fruits was investigated. These extracts were evaluated for antibacterial activity against two Gram positive (Listeria innocua LRGIA 01 and Staphylococcus aureus CNRZ3) and two Gram negative (Escherichia coli industrial strain and Pseudomonas aeruginosa ATCC 15742) strains. This evaluation was performed by following their growth by a spectrophotometric method in Brain Heart Infusion broth. L. innocua LRGIA01growth was completely inhibited by 0.04 g.mL -1 of aqueous extract of Solanum indicum berries, while a dose-dependent inhibition by 0.04 g.mL -1 and 0.1 g.mL -1 ethanolic extracts was observed. Conversely, the inhibitory activity of ethanolic extract on P. aeruginosa ATCC 15742 growth, was higher than that of aqueous extract. E. coli industrial strain and S. aureus CNRZ 3 growth were inhibited by 0.1 mg.mL -1 ethanolic extract but not by 0.04 mg.mL -1 ethanolic or aqueous extracts. These results suggest that different classes of compounds are likely responsible for the antibacterial activities. The high inhibitory activity of aqueous and ethanolic extracts on L. innocua LRGIA01 and P. aeruginosa ATCC 15742 strains, respectively calls for further studies to identify the antibacterial compounds present in Solanum indicum berries and their mechanisms of action.
INTRODUCTION
The emerging of pathogenic bacteria resistant to antibiotics and their distribution in human populations are a major problem in infectious diseases (Jumpeau et al., 1994) . Therefore, the search for new substances to overcome the growing human problems of drugs resistance in bacteria is worthy. Nature has provided abundant plant wealth for all living creatures, which possess medicinal virtues (Bhatti et al. 1998) . The important values of some plants have long been published but a large number of them remain are yet unexplored. So there is a necessity to explore their uses and to conduct pharmacognostic and pharmacological studies to ascertain their therapeutic properties (Baquar, 1989) . In West Africa, about 350 species have been listed and described by Baumer (1995) . Among these plants, Solanum indicum ssp. distichum (Schumach. and Thonning, 1827) which is a wild plant widespread in tropical and temperate zones. It belongs to the family of Solanaceae and the genus Solanum, with more than 1,700 species. This species is an erect plant of 0.30 to 1.5 meters in height. The leaves are ovate, 3.5 to 15 centimeters long, and 2.5 to 8 centimeters wide. The leaves in the branchlets are much smaller. The unripe fruit is green while, the color of the ripe fruit varies from yellow to red. They are rounded; about 0.8 to 1.5 centimeters in diameter.
These fruits are berries used for culinary purposes in many parts of Africa where they are used as nutritious vegetables as they contain appreciable amounts of starch, calcium, vitamin A, ascorbic acid and phosphate (Bahgat et al., 2008) . In addition to components mentioned above, these berries have been shown to contain polyphenols (N'Dri et al., 2010) and steroidal glycosides (Ripperger & Himmelreich, 1994; Honbu et al., 2002) .
Therapeutically used are seeds, roots, leaves and berries. They are described as useful in asthma, dry cough, and chronic febrile afflictions and also in dysuria. The berry is useful in leucoderma, pruritis and bronchistis. Moreover, it has been claimed in folk medicine to have an antihypertensive effect (Rubaiyaho, 1995) . It has also been used in Chinese folk medicine as antiinflammatory and wound-healing agents; as an analgesic, and for the treatment of rhinitis, cough, and breast cancer (Syu et al., 2001) . In Thailand, the berries are available in the markets. These fruits are used as vegetables and as essential ingredients in anticarcinogens.
In West Africa, these berries are used in most of the cases as an additive for the treatment of some diseases. Indeed, in Nigeria, they are used as a laxative and digestive. In Côte d'Ivoire, berries soup is used as an additive in the treatment of malaria. All these uses are not based on scientific studies but rather on empirical practices. Therefore, investigations on their medicinal properties and antimicrobial properties are needed.
It has been noted that in an area such as Côte d'Ivoire, where climatic conditions are favorable to the infection of vegetables products by microorganisms and insects, the berries of S. indicum whatever their maturity stage, seem to resist to all infections, while for the other species belonging to the same genus, fruits are infected. Thus, this research work was carried out in order to identify the antimicrobial properties of S. indicum berries for a contribution to the search for new substances, on one part to overcome the growing human problems of drugs resistance in microorganisms and on the other part, to use these new substances for food protection.
MATERIALS AND METHODS

Materials
Biological material
In this study, ripe berries of Solanum indicum ssp. distichum (Schumach. and Thonning, 1827) 
Media and chemicals
The bacterial culture medium used in this study was the Brain Heart Infusion (BHI) broth. A standard solution of bacteriocin (Nisin of 2400 UI/ml) was also used.
Methods
Fruit extracts preparation
Ripe berries of Solanum indicum were grounded and 30 g of the obtained homogenate were added to 150 mL of ethanol 70 % (v/v). The mixture was boiled in water bath at 80 °C for 1 h under gentle stirring. The resulting mixture was centrifuged at 1500 rpm for 5 min. The supernatant was then filtered through Whatman paper and the filtrate was lyophilized. The lyophilisate obtained was dissolved in BHI broth in order to obtain final concentration at 0.04 g/mL and 0.1 g/mL (final volume: 20 ml). The resulting solutions were sterilized by filtration onto 0.2 µm cutoff membranes. The aqueous extraction was also made under similar conditions. The use of ethanol and water for extraction of berries was due to the fact that, the molecules responsible of the antibacterial properties will be used in products for consumption.
Preparation of the tested strains
A quantity of 1 ml of each strain previously stored in glycerol 15 % at -20 °C was thawed in 9 ml of BHI. The obtained suspension was firstly incubated at 30 °C for 8 hours. In a second step, 1 ml each of the microbial suspension obtained after 8 hours of incubation was put in 9 ml of BHI. The whole was incubated at 30 °C overnight. The absorbance of this second culture was measured with a spectrophotometer at 630 nm. The optical density was adjusted at 0.6 by diluting (1/10) and the microbial suspension was cultured.
Afterwards, 1 ml of each second crop was put in 9 ml of BHI. This microbial suspension obtained was used for cultivation in micro-plate.
Bioscreen analysis
The solution of BHI, the Nisin solution of 2400 IU/ml and the extracts solutions (ethanol extracts and aqueous extracts) of 300 µl each were placed in separate wells of the micro-plate without any strain. Each solution was placed in at least three wells of the microplate.
In a second step, the microbial strains tested (30 µl each) are cultured in other separate wells of the micro-plate contained the different solutions (270 µl each) mentioned above. These cultures were made in at least three wells of the micro-plate. The seeded plate was cultured in the Bioscreen apparatus at 30 °C and at a wavelength of 600 nm for 26 hours. The measurement of the optical density expressing microbial growth was taken every 15 min.
Statistical analysis
The statistical analysis of data was made by Analysis of Variance (ANOVA) using 5% level of significance. The statistical package used was GraphPad Prism 5.0. Tukey's Multiple Comparison test was used to identify these differences.
RESULTS
The results obtained show that L. innocua LRGIA01 growth was completely inhibited by 0.04 g.mL -1 of aqueous extract of Solanum indicum berries (Fig 1 d) , while a dose-dependent inhibition by 0.04 g.mL -1 and 0.1 g.mL -1 ethanolic extract was observed (Table 3 ). The inhibitory activity of ethanolic extract on P. aeruginosa ATCC 15742 growth, strain naturally resistant to multiple antibiotics, was higher than that of aqueous extract (Fig. 1 a) . It means that, depending on the type of extraction solvent, different classes of compounds responsible for the antibacterial activities are extracted. At 0.04g/ml, the ethanolic extract has a significant inhibitory effect on the growth of P. aeruginosa ATCC 15742 (P<0.05), while for the three other strains tested (Staphylococcus aureus CNRZ3, Escherichia coli industrial strain and Listeria innocua LRGIA 01), no significant inhibitory effect was observed (P>0.05). However, at 0.1 g.mL -1 of ethanolic extract, all the strains tested were inhibited (Fig. 1 a, b, Ethanol extract at 0,04g/ml + E. coli
Ethanol extract at 0,1g/ml + E. coli Aqueous extract at 0,04g/ml + E. coli 
DISCUSSION
In this study, the ethanol extract of S. indicum berries exhibited a significant inhibition on the growth of Escherichia coli industrial strain, Listeria innocua LRGIA 01, Staphylococcus aureus CNRZ3 and Pseudomonas aeruginosa ATCC 15742 with a dose-dependent manner.
Indeed, with the ethanol extract at 0.04 g.mL -1 , a significant inhibitory effect was observed only on Pseudomonas aeruginosa activity, while, for the ethanol extract reaching 0.1 g.mL -1 , a significant inhibitor effect on the activities of the four strains tested was observed. The aqueous extract showed an inhibition on the activities of Pseudomonas aeruginosa ATCC 15742 and Listeria innocua LRGIA 01. Thus, S. indicum berries possess anti-bacterial properties. It was noted that the sensitivity of the two Gram negative and the two Gram positive strains tested appeared very different.
A previous study has also shown an inhibitory effect of ethanol extract of S. indicum leaves on Staphylococcus aureus and Escherichia coli (Srividya et al., 2009 ). However, the aqueous extract tested by these authors showed any anti-microbial activities towards the tested strains. Therefore, concerning the anti-microbial properties, the effectiveness of the berries is remarkable than those of the leaves. In our study, it is noted that, whatever the type of extract (ethanol extract or aqueous extract) and whatever its concentration, a significant inhibition of Pseudomonas aeruginosa activity was observed. However, the inhibitory activity of ethanolic extracts on P. aeruginosa ATCC 15742 growth, strain naturally resistant to multiple antibiotics, was higher than that of aqueous extract. It means that, depending on the type of extraction solvent, different classes of compounds responsible for the antibacterial activities are extracted.
In previous studies, it has been noted that, Pseudomonas aeruginosa is a clinically significant pathogen characterized by intrinsic resistance to a number of antimicrobial agents. Indeed, Pseudomonas species are opportunistic naturally resistant to multiple antibiotics such as penicillin group A (ampicillin and derivatives), cephalosporins of first and second generation, chloramphenicol and trimethoprim. To this natural resistant, is added an acquired resistance (Lombardi et al., 2002) .
They are also resistant to antibiotics such as ticarcillin, piperacillin, to third generation cephalosporins, fluoroquinolones (ofloxacin, ciprofloxacin) and aminoglycosides (gentamicin) (Nordmann, 2003) . This species is an invasive Gramnegative bacteria pathogen, responsible for a wide range of clinical manifestations, including pneumonia, urinary tract infection, and bacteremia, in the immunocompetent patient.
In the immune compromised host, Pseudomonas aeruginosa may behave as an opportunistic pathogen, causing severe invasive diseases, and represents one of the most severe nosocomial pathogens (GrisaruSoen et al., 2000; Fergie et al., 1994; Castagnola et al., 2008; Simon et al., 2008; Chatzinikolaou et al., 2000) . Its multiresistance also represents an increasing problem (Garnica et al., 2009; Mesaros et al., 2007) . The low permeability of its cell wall, together with mutations leading to antibioticresistance via overexpression of efflux pumps, decreased expression of porine, or mutations in quinolone targets, make Pseudomonas aeruginosa a pathogen with high propensity to become multi-resistant to antibiotic therapy. Multi-resistant strains may be responsible for nosocomial outbreaks (Mesaros et al., 2007; Gaynes and Edwards, 2005) . Therefore, the use of S. indicum berries extracts with such remarkably effectiveness concerning inhibition of activity of Pseudomonas aeruginosa and accessible by everyone as medicinal product to overcome the growing human problems of drugs resistance in this species could be a solution.
Conclusion
The result of this investigation revealed that Solanum indicum berries possess significant antimicrobial activities due to its inhibitory effect (at 0.1 g.mL -1 of ethanolic extract) on the activities of four strains tested (E. coli industrial strain, L. innocua LRGIA 01, S. aureus CNRZ3 and P. aeruginosa ATCC 15742). This species more inhibited by berries extracts is a causative agent of opportunistic infections, especially among hospitalized patients most vulnerable. Indeed, P. aeruginosa infection is a serious problem in patients hospitalized with cancer, cystic fibrosis, HIV positive and burns. Thus, the use of such natural product with a remarkably effectiveness is a hope. This property establishes the use of Solanum indicum berries extracts as a traditional antibacterial medicine.
Further research is to be carried out to make fractions and purify the extract, in order to find out the fractions and molecules responsible for the anti-bacterial activities observed.
